Abstract. In this paper, a method of simple geometrical analysis method during ankle joint stretching treatment using numerical calculation was proposed, and the effect was examined in a developed system. The stretching of the ankle joint is an important medical treatment that physical therapist (PT's) help their patients to recover their ability to walk and to prevent contracture. Since the ankle treatment requires a large amount of force (nearly equal to the subject's weight) and precise angle control at the same time, manual treatment by PTs has not been replaced by mechanical treatment systems and the mechanism of the treatment has not been analyzed mathematically. In order to realize developing the effective mechanism of the treatment, the geometrical relationships between Ankle joint, Hip joint, Thenar and pushing device rotation center were analyzed mathematically by using numerical calculation during the treatment. In addition, the effectiveness of the numerical calculation was confirmed by developing the treatment device by using two of force sensors and DC motors. Key point of the PTs method of the ankle joint treatment was a position layout between the Ankle joint and the pushing device rotation center. The proposed numerical calculation method will effectively work to develop the mechanical systems of ankle joint stretching treatment.
Introduction
The ankle is an indispensable body part for carrying out daily activities such as walking, running, and sitting and so on. It has strong anatomical design enough to hold a heavy load in daily life [1] . If the ankle joint could not work for a long time by sickness or injury, it will suffer an ankle joint contracting state [2] . As a general ankle contracture prevention treatment, PT perform the ankle joint stretching by manual therapy (Fig. 1a) . Manual therapy has advantages of ankle joint stretching by a large force (nearly equal to the body weight), and it is easy to deal with the reactions of the patient. In addition, it requires about 20 to 40 minutes of exercise at one time and everyday treatment is necessary [3] , it is hard work for the PT. The typical manual therapy is, firstly, to hold the patient's heel with his palm, and to push the sole of the patient's foot by the PT's forearm. It can effectively extend the muscles of the calves; Achilles tendon and muscles triceps surae. In the time, the PT does not push the patient's foot downwards, but the foot floats upward during the ankle joint stretching (Fig. 1b red arrow) . When mechanizing the ankle joint stretching process, it is important to consider above the PT's techniques and the foot floating process realization. In addition, the treatment method / strategy of the PT could not been analyzed from any mathematical way because of the difficulty for a long time.
In this paper, we focused on the mechanism of the foot floating process of the ankle joint stretch treatment, and analyzed geometrical / force balance reasons by using numerical calculations. In addition, the meanings of geometrical rotational axis layouts of the ankle joint stretching system was confirmed by developing the system [4] . 
Developed Ankle Joint Stretching Device
The device is made of the (a) base stainless steel (SUS303) stand, (b) bucket, (c) two DC motors and (d) foot rest (see Fig. 3 ). The (b) bucket is rotated by the two DC motors (Sankaku Co., worm gear motor,GW600, 24V DC, 9 rpm/min) denoted by (c). And the (a) base stand is connected to the subject sitting chair by the stainless pipe (e). For below experiment 2, the center position of the bucket can change the position along with vertical direction±2 cm from patient's ankle joint position ( Fig. 3 lower right). The operation of the device is as follows: after the placing the Achilles tendon on the (d) foot rest, the length of the part (e) is changed to the patient's leg length, and the(b)bucket is rotated by the(c)motor sand the subject's toe is pushed by the (b) bucket. Fig. 4 shows positions of load cell force sensors FC23 (Measurement specialities Co., Max load 2000 Lbf), and each sensor outputs are denoted as Fs (sole) and Fa (Achilles tendon). It was amplified by operational amplifier of OP-07D via a bridge circuit.
Experiment Experiment 1: Numerical Calculation of Ankle Joint Stretching Process
In this experiment, the effect of the position during the ankle joint stretching process between the (A) device rotation axis and (B) ankle joint rotation axis is confirmed by using the numerical calculation model (Fig.2) . Three positions are used in the experiment; (1) same, (2) up, (3) down conditions of the point (A). For example, Fig. 2 is the case of (3) down condition. By using this calculation, the movement of the foot link (B) (C) is analyzed.
Experiment 2: Numerical Calculation of Ankle Joint Stretching Process
As real device experiment, we used the developed device shown in Fig.3 . In the experiment, the positions of the device rotation axis are selected 0, -2, +2 cm from the subject's ankle joint position during the period from the patient sitting to the end of one time of dorsiflexion stretching process of the ankle joint. Each conditions correspond to the experiment 1's condition; same, up, down respectively. One subject (age 21, adult man) is participated in the experiment. The stretching angle is used 10 deg from the ankle toe touching to the bucket to dorsal direction. 
Result
Result1. Fig. 5 shows the result of the numerical calculation of the ankle joint stretching model. In the condition of same rotational axis of (A) and (B), the link of (B) (C) did not move from the original horizontal position (upper part of Fig. 5 and Fig. 2 ) during the pushing process of the bucket. In this simulation, t is the internal time of the numerical calculation. Next, as shown in Fig.5 middle part, in the condition that the device rotation center (red mark) is positioned at upper part, the link of (B) (C) was moved to downward direction (the link was stuck at the footrest(black circle)). Last, Fig.5lowerpartshowsthat the link of (B) (C) was moved to upward direction during the pushing process of the bucket. It is the main result of using the proposed numerical calculation model. As mentioned in the introduction section, one of the PT's ankle joint treatment technique could be realized by using the simple link model technique.
Result2. Fig. 6 shows result of the dependency of the device rotation axis same with ankle joint position (0 cm case). In the timing of (A), the subject set on the foot on the foot rest part, and the device rotation is started at 5.4deg/sec in the timing of (B). After 10 sec stretching, the device rotation is reversed at same speed in the timing of (C). In this case, the force sensor output Fs (sole) is increased ∆Fs=50.3 N, and the foot rest force sensor output Fa (Achilles tendon) is decreased ∆Fa= -8.8 N. It means that the foot is slightly floated since the ∆Fa takes negative value. In the case of +2 cm case (Fig. 7) , the force sensor output Fs (sole) is increased ∆Fs=30.6 N, and the foot rest force sensor output Fa (Achilles tendon) is decreased ∆Fa= 2.4 N. It means that the foot is not floated since the ∆Fa takes positive value. In the case of -2 cm case (Fig. 8) , the force sensor output Fs (sole) is increased ∆Fs=57.4N, and the foot rest force sensor output Fa (Achilles tendon) is decreased ∆Fa= -19.9 N. It means that the foot is largely floated since the ∆Fa takes negative value. From the above three results, it reveals that the force sensor output of Fa (Achilles tendon) is important factor to check the relationships between the device rotation axis and the subject's ankle joint position. 
Conclusion
In this paper, a method of simple geometrical analysis method during ankle joint stretching treatment using numerical calculation was proposed, and the effect was examined in a developed system. To analyze PT's manual therapy method, we developed simple geometrical multi-link system calculated by numerical calculation, and confirmed the relationships between the layout of the device rotation axis and the ankle joint axis. In addition, the ankle joint stretching device is developed to be able to change the position of the device rotation axis. The numerical calculation of the link system experiment said that the foot floating process performed by the PT manual treatment is related to the lower position of the device rotational axis than the subject ankle joint. In addition, the relationship is able to be confirmed by the developed device, and the lower position of the device rotation axis was important to reduce the force sensor output of Fa. The proposed numerical calculation model will effectively work to develop ankle joint treatment system.
